STUDIES DIRECTED TOWARDS THE SYNTHESIS OF PYRANICIN AND DEVELOPMENT OF NEW SYNTHETIC METHODOLOGIES by K, SADASHIV
SYNOPSIS 
The thesis entitled “Studies directed towards the synthesis of Pyranicin and 
development of new synthetic methodologies” has been divided into four chapters. 
Chapter-I: This chapter deals with an introduction to cancer, including some of potent 
anticancer natural products and the approaches cited in the literature towards the 
synthesis of Pyranicin. 
Chapter-II: This chapter deals with studies towards the synthesis of Pyranicin: An 
efficient frame work on Pyranicin has been described. 
Chapter-III: This chapter deals with an introduction to ionic liquids and describes the 
development of new methodologies based on cycloaddition reactions, which is further 
divided into three sections. 
Section A: This section describes the [4+2] cycloaddition of o-quinone methides 
promoted by ionic liquids: an efficient and mild protocol for the synthesis of 
tetrahydropyranobenzopyrans. 
Section B: This section describes the ionic liquids-promoted [3+2] cycloaddition 
reaction: green approach for highly substituted 2-aminofuran derivatives. 
Section C: This section deals with the [4+2] Aza-Diels-Alder reaction: PMA-SiO2 
promoted synthesis of cis-fused pyrano-and furanoquinolines.  
Chapter-IV: This chapter describes the development of new methodologies based on 
molecular iodine, which is further divided into two sections. 
Section A: This section describes the iodine/MeOH catalyzed thiocyanation of 
aromatics and heteroaromatics using ammonium thiocyanate. 
Section B: This section deals with the 1, 4-conjugate addition of allyltrimethylsilane to 
α, β–unsaturated ketones. 
Chapter I: This chapter deals with an introduction to cancer, including some of potent 
anticancer natural products and the approaches cited in the literature towards the 
synthesis of Pyranicin, including the synthesis. 
 
 
 Chapter II: Stereoselective synthesis of the Annonaceous Acetogenin group of natural 
product Pyranicin from readily available starting material propargyl alcohol.  
In recent years the Annonaceous Acetogenin group of natural products has been the 
focus of extensive synthetic efforts as a result of the interesting biological properties 
exhibited by these compounds. Annonaceous Acetogenin are a relatively new class of 
natural polyketides, which have promising anti-cancer, anti-infective, 
immunosuppressive, pesticidal and antifeedant properties (figure-1). 
    
 
 
 
 
 
 
 
 
 
 
Figure 1 
 
Pyranicin(1), a novel member of the annonaceous acetogenin family of natural 
products, was isolated in 1997 by McLaugh-lin and co-workers from the stem bark of 
the Goniothalamusgiganteus tree native to Thailand. Since 1982, over 400 molecules in 
the annonaceous acetogenin family have been identified, but pyranicin is one of only 
two known acetogenins to bear a tetrahydropyran (THP) ring. These polyether natural 
products typically possess a terminal γ-methyl-butenolide and are capped with a long 
hydrophobic alkyl chain. Annonaceous acetogenins are the most powerful inhibitors of 
mitochondrial complex I (NADH-ubiquinoneoxidoreductase) in both mammalian and 
insect electron transport systems. It is believed that their ability to interrupt the final 
electron transfer from NADH to ubiquinone decreases cellular ATP production, leading  
to cell death byapoptosis. This unique mode of biological activity has characterized the 
acetogenins as promising antifeedant and pesticide treatments, as well as antimalarial, 
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antiparasitic, and antitumor drugs, and they have recently exhibited promising results 
against Parkinsonism. Pyranicin, in particular, demonstrates selective in vitro 
cytotoxicity (ED5010
-2µg/mL) against human pancreatic a denocarcinomal cell lines 
PACA-2). Recent studies have further revealed in vivo cytotoxicity (ID509.4 µM) of 
pyranicin against the growth of promyelocytic leukemia cells (HL-60), alternatively 
attributed to its ability to inhibit DNA polymerase in the cancerous cells. The interesting 
structures and potent biological activity have made the annonaceous acetogenins the 
subject of a significant amount of synthetic work.  
    Scheme 1 illustrates our retrosynthetic analysis of 1, providing convergent strategy. 
via the preparation of chiral propargyl alcohol is described by Grignald reaction and 
reduction of tripul bond with Red-Al. Elimination of chiral epoxychlorides, derived 
from their corresponding epoxyalcohols. Which are available easily by sharpless 
asymmetric epoxidation of the secondary allyl alcohol. Whereas, use of stoichiometric 
amount of base provides chiral alkynol. The long chain MOM protected alkynol reacts 
with sugar aldehyde, which is prepared from D-mannitol (Scheme 1). 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Retrosynthetic analysis of pyranicin. 
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Synthesis of Alkynol Moiety: 
The moiety of pyranicin from C14-C32 fragment was analyzed retro synthetically as 
illustrated in (scheme 1). The synthesis begins with propargyl alcohol as starting 
material. Propargyl alcohol was protected as its THP ether using dihydropyran and 
catalytic amount of CSA in DCM to afford ether 9 in quantative yield. The long chain 
aldehyde 10 was coupled with THP protected propargyl alcohol 9 employing Grignard 
conditions with ethyl magnesium bromide in dry THF to afford α-hydroxy acetylene 12 
in 80% yield. In the PMR spectrum compound 12 methyl proton attached to secondary 
hydroxyl group, methylene protons adjacent to triple bond was resonated at 2.49 ppm as 
a triplet. Compound 12 was also characterized by its EIMS data, showed with (M++ H) 
peak at m/z = 339. Compound 12 was hydrogenated to a trans allylic alcohol 13 in 94% 
yield with 1.5 equivalents of Red-Al in dry THF. Compound 13 in its PMR spectrum 
showed a multiplet at 5.76-5.70 ppm corresponding the trans olefin protons (Scheme 2). 
 
 
 
 
Scheme 2 
The needed chirality was introduced by Sharpless asymmetric epoxidation on allylic 
alcohols under standard set of condition such as using TBHP, Ti(OiPr) 4 and (+) or (-) 
DIPT in CH2Cl2 in presence of 4Ao molecular sieves which help in the improvement of 
both chemical and optical yields of the required epoxides. The two of the three centers 
present in C14-C32 fragment was generated by sharpless kinetic resolution on compound 
13 using 0.2 equivalents of L(+)-DIPT, 0.15 equivalents of Ti(OiPr)4 and 0.8 
equivalents of in dry DCM at -20 oC to afford the epoxy alcohol 8 in 38% yield with 
98% ee and the chiral alcohol 8a in 40% yield. In the PMR spectrum compound 8 
showed the options of  
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olefinic proton and the appearance of two epoxide protons at 3.25-3.10 ppm and 2.96-
2.80 ppm as multiplets. The enantiomeric excess of epoxy alcohol 8 was calculated by 
preparing its MTPA derivative using 1.5 equivalents EDCI, 1 equivalents methoxy 
trifluoromethyl phenyl acetic acid and catalytic amount of DMAP in dry DCM to afford 
MTPA derivative in 90% yield.  In its PMR spectrum compound showed predominantly 
one singlet (integration 22:1) at 3.53 ppm corresponding methoxy protons in MTPA 
group, which confirms the presence of one enantiomer predominantly (≈ 94% ee).  
Compound 8 was also characterized by EIMS at (M++ NH4) peak at m/z = 374 (Scheme 
3). 
 
 
 
 
Scheme 3 
The epoxy alcohol 8 was protected as its silyl ether using TBSOTf and 2,6 Lutidine in 
dry DCM efford  the compound 14 in 85% yield and THP group was deprotected  
selectively to alcohol using catalytic CSA in methanol  to affored the compound  15. 
The proton NMR spectrum of compound 15 showed the chiral proton (CH-OTBDMS) 
at 3.93-3.85 as multiplate. The primary proton shows at 3.68-3.53 as multiplate. The 
alcohol 15 was chlorinating using TPP/CCl4, NaHCO3 in refluxing CCl4 to affored the 
chloro epoxide 16 (Scheme 4). 
 
 
 
 
 
 
 
 
 
Scheme 4 
The chloro epoxide 16, was subjected to Yadav,s conditions  for the preparation  of 
alkynol 18 i.e 6 eq of LiNH2 in liquid ammonia to affored the chiral propargyl alcohol 
OH
( )
10
OTHP
OH
( )
10
OTHP +
OH
( )
10
OTHP
(-) DIPT
Ti(Oi Pr)4
Dry DCM
-20 oC
O
13 8 8a
TBHP, 4Ao
OH
OTHP
OTBS
OTHP
OTBS
OH
OTBS
Cl
( )10
( )10 ( )10
TBSOTf
2, 6 Lutidine MeOH, r.t
TPP/CCl4
cat.PTSA
0 oC-r.t
cat.NaHCO3
ref lux
O O
O O
8 14
15 16
( )10
18 in 80% yield. The PMR spectrum confirmed that the presence of product. The 
epoxide protons were absent in the spectrum. The alkyne protons at 2.3ppm and the 
propargylic protons at 4.31-4.20 ppm appeared as multiplate. The appearance of a band 
at about 3300 cm-1 in the IR spectrum confirmed the presence of hydroxy group. 
Alcohol 18, when subjecteb to standard Mitsunobu inversion conditions (DEAD, Ph3P, 
4-nitrobenzoic acid, THF then K2CO3, MeOH) yielded 20 with the required syn 1,2-diol 
system. The free hydroxyl group of 20 protected as its methoxymethyl ether 5 was 
performed with methoxymethyl chloride in dichloromethane in the presence of N,N-
diisopropylethylamine (Scheme 5).  
   
 
 
 
 
 
 
Scheme 5 
Synthesis of sugar Aldehyde Moiety:   
     Our initial effort towards the synthesis of Pyranicin was started with readily 
available sugar D-mannitol as the side starting material. Accordingly, D-mannitol 7 was 
converted to the 1,2:5,6-Diisopropylidene-D-mannitol 25 by using glyme and 2,2-
dimethoxypropane.Again this diacetonide derivative was converted in to 2,3-O-
isopropylidene-D-glyceraldehyde 6 derivative by using saturated NaHCO3 and solid 
NaIO4  maintaining the temperature at or below 25 oC in DCM 
 
 
 
Scheme 6 
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Opting for a two-step process from D-mannitol as the most expeditious rout to 6, we 
examined several of the methods for the synthesis of diacetonide 25. We selected the 
procedure reported by Chittenden, which used catalytic stannous chloride (SnCl2) and 2, 
2-dimethoxypropane to ketalize D-mannitol in 54-58 % recrystallized yield .The 
procedure was chosen for its combination of high throughput, low catalyst loads, simple 
processing, and reproducibility (Scheme 6). 
 
Coupling of Alkynol 5 and Sugar Aldehyde 6:  
After successful synthesis of two fragments i.e: alkynol 5 and 2, 3-O-isopropylidene-D-
glyceraldehyde 6, efforts were made to couple these two fragments. The synthetic 
strategy is depicted in the following (Scheme 7). 
   
 
 
 
Scheme 7 
The long chain MOM protected Alkynol 5 was coupled with sugar aldehyde 6 
employing Grignard conditions with ethyl magnesium bromide in dry THF to afford α-
hydroxy acetylene 26 but were not successful and the reaction did not take place. 
 
 
 
 
 
 
 
OTBS
OMOM
( )10 + O O
O
H
EtBr, Mg
THF, rt, 0 oC
OTBS
OMOM
( )10
OH
O
O
5 6 26
X
Chapter III: 
Section A: This section deals with [4+2] cycloaddition of ortho-quinone methides 
promoted by Ionic Liquids, an efficient and mild protocol for the synthesis of 
tetrahydropyranobenzopyrans in a one pot operation. 
     In continuation of our research interest in exploring the synthetic utility of Ionic 
Liquids, we herein disclose a simple and direct method for the generation and 
subsequent cycloaddition of o-benzoquinone methides using the air and moisture-stable 
ionic liquid, 1-butyl-3-methylimidazolium tetrafluoroborate, [bmim]BF4, under mild 
conditions. For instance, treatment of o-hydroxybenzaldehyde with 5-methyl-4-hexen-
1-ol and trimethyl orthoformate in the hydrophilic ionic liquid, [bmim]BF4 at ambient 
temperature afforded exclusively the transannelated pyrano[3,2-c]benzopyran 3 in 89% 
yield (Scheme 8, Table 1). 
 
 
 
 
Scheme 8 
In a similar fashion, several substituted o-hydroxybenzaldehydes reacted smoothly with 
5-methyl-4-hexen- 1-ol to afford the corresponding trans-fused pyranobenzopyrans in 
high yields. In all cases, the reactions proceeded efficiently at room temperature with 
high diastereoselectivity. Only a single diastereomer was obtained in each reaction, the 
structure of which was established by 1H, 13C NMR spectroscopy and mass 
spectrometry. All the products were characterized by 1H, 13C NMR, IR and mass 
spectroscopy (Table 1, entries a–j). 
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Entry o-Hydroxy benzaldehyde Product Reaction
time (h)
Yield
(%)
a
b
c
d
e
f
g
h
i
J
4.0
4.5
5.0
3.5
4.0
5.0
6.0
3.5
3.0
89
90
88
85
87
82
80
86
87
89
Table 1: The [bmim]BF4-catalyzed synthesis of pyrano[3,2-C] benzopyrans
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Section B: This section deals with three component coupling reaction catalyzed by 
Ionic Liquids, green approach for highly substituted 2-aminofuran derivatives from 
cyclohexyl carboxaldehyde, dimethyl acetylenedicarboxylate and cyclohexyl isocyanide 
in one pot operation. 
     In our ongoing research programme we describe a novel use of Ionic Liquids for the 
multi-component coupling of benzaldehyde, dimethyl acetylenedicarboxylate and 
cyclohexyl isocyanide to produce 2-aminofuran derivatives under mild conditions 
(Scheme 9). 
 
 
 
 
Scheme 9 
 
Accordingly, treatment of cyclohexyl carboxaldehyde with dimethyl 
acetylenedicarboxylate and cyclohexyl isocyanide in air and moisture stable [bmim]BF4 
ionic medium afforded dimethyl 2-cyclohexyl-5-cyclohexylamino-3,4-
furandicarboxylate 2i in 85% yield. The reaction went to completion in a short time (30 
min). The product thus obtained was isolated by simple extraction with Et2O. The 
remaining ionic liquid was further washed with Et2O and reused several times without 
further purification. Encouraged by the results obtained with cyclohexyl 
carboxaldehyde, we turned our attention to various substituted aldehydes. Interestingly, 
a variety of substrates such as aryl, naphthyl, heterocyclic, and aliphatic aldehydes 
afforded the corresponding 2-aminofuran derivatives in high yields. All the products 
were characterized by 1H, 13C NMR, IR and mass spectroscopy (Table 1, entries a–l). 
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Entry Time(h) Yield(%)b
a 2.0 84
b
c
d
e
f
g
h
j
k
1.5 79
2.0 81
1.0 85
1.5 82
1.0 80
1.5 83
2.0 78
0.5 82
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CHO
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Table 1: [bmim]BF4 - Ionic Liquid promoted synthesis of tetrasubstituted furans
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Section C: This section deals with PMA-SiO2 catalyzed [4+2] cycloaddition reactions, 
a facile synthesis of pyrano- and furanoquinolines using aromatic amines and cyclic 
enol ethers in one pot operation. 
In view of green chemistry, the substitution of harmful liquid acids by reusable solid 
HPAs as catalysts in organic synthesis is the most promising application of these acids. 
Among them, phosphomolybdic acid (PMA, H3PMo12O40) is one of the less expensive 
and commercially available catalysts. 
 In this section, we describe a simple and highly efficient one-pot procedure for the 
synthesis of pyrano- and furanoquinolines using a heteropoly acid i.e phosphor 
molybdic acid (PMA –SiO2). Thus treatment of aniline with 3, 4-dihydro-2H-pyran 
(DHP) in the presence of phosphomolybdic acid in 1, 2 dichloromethane afforded the 
corresponding pyrano (3, 2-C) quinoline derivative 2 and 3 in 82% yield (Scheme 10).        
 
 
 
 
 
 
Scheme 10 
 
Similarly, several aryl amines reacted smoothly with 3, 4-dihydro–2H-pyran to give the 
corresponding pyranoquinolines in 82-90% yield. The reactions proceeded efficiently at 
ambient temperature under mild conditions to give the products in high yields. In most 
of the cases, the products were obtained as a mixture of endo- and exo-isomers, favoring 
endo-diastereomer. The product ratio was determined by 1H NMR spectrum of the 
crude product. The stereochemistry of the product 2a was assigned on the basis of 
coupling constants and NOE studies. All the products were characterized by 1H, 13C 
NMR, IR and mass spectroscopy (Table 1, entries a–m). 
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Entry Olefin Reaction
time (h)
Yield
(%)
Endo:Exo
a
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Table 1: PMA-SiO2 promoted synthesis of pyrano- and furanoquinolines
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Chapter IV: 
Section A: In this section, we wish to disclose a simple, convenient and efficient 
protocol for the thiocyanation of indoles, oxindoles, pyrroles and aryl amines using 
molecular iodine in methanol.  
Initially, we have studied the electrophilic thiocyanation of 2-methylindole 1 as a model 
substrate with 3 equiv of ammonium thiocyanate using a stoichiometric amount of 
iodine. The product, 3-thiocyanato-indole 2a, was obtained in 96 % yield (Table 4, 
entry b, Scheme 11).  
 
 
 
 
 
 
Scheme 11 
This remarkable catalytic activity of iodine in the thiocyanation of 2-methylindole 
prompted us to study it in reactions with other indoles and pyrroles. Interestingly, 
pyrrole and N-methylpyrrole also afforded the corresponding 2-thiocyanatopyrroles in 
excellent yields (Table 4, entries 3h–3i, Scheme 12). 
 
 
 
 
 
Scheme 12 
Similarly, treatment of aryl amines such as aniline, N, N-dimethylaniline, N-
ethylaniline, N-phenylaniline with ammonium thiocyanate in the presence of molecular 
iodine resulted in the formation of aryl thiocyanates in high yields (Table 4, entries 5j–
5m, Scheme 13). 
  
 
 
  
Scheme 13 
All the products were characterized by 1H, 13C NMR, IR and mass spectroscopy (Table 
1, entries a–m).  
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Table 1: Iodine-Promoted Thiocyanation of Heteroaromatic and Aromatic Compounds
(1) (2)
e
N
H N
H
SCN
30 83
Et
Et
N
H NH
SCN 35 85h
N N SCN 40 82i
Me Me
k N N
SCN
20 87
l
N
H NH
SCN
20 85
Me
Me
Me
Me
Et Et
m
N
H
N
H
SCN
35 83Ph Ph
Section B: In this section, we wish to disclose an α, β-Unsaturated ketones smoothly 
undergo conjugate addition with allyltrimethylsilane in the presence of a catalytic 
amount of elemental iodine under very mild and convenient conditions to afford the 
corresponding adduct. 
In continuation of our interest on catalytic applications of elemental iodine for 
various organic transformations7, we report here in a mild and convenient method for 
the conjugate allylation of both cyclic and acyclic enones with allyltrimethylsilane 
using elemental iodine as an efficient catalyst. Thus, treatment of 2-
benzylidenecyclopentanone with allyltrimethylsilane in the presence of 5 mol% of 
elemental iodine in dichloromethane afforded the corresponding 2-(1- phenyl-3-
butenyl)cyclopentanone in 90 % yield with 80:20 diastereoselectivity (Scheme 14). 
 
 
 
 
 
Scheme 14 
 
Similarly, 2-benzylidenecyclohexanone, 2-benzylidene- 1-tetralone and 
benzylideneacetone reacted well to give the corresponding 1, 4-adducts in excellent 
yields. Cyclic enones such as 2-cyclohexenone, 2-cyclopentenone and acyclic enones 
such as chalcones afforded the corresponding Michael adducts in excellent yields. In all 
cases the reactions proceeded smoothly at ambient temperature with high selectivity. No 
1, 2-adduct was obtained under these reaction conditions. The products were 
characterized by 1H NMR, IR, and mass spectroscopy (Table 1, entries a–l). 
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Table-1. Iodine-catalyzed conjugated allylation of ,unsaturated ketone
